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(57) ABSTRACT

A curved display apparatus includes a projector, first and
second mirrors, a curved screen, an infrared illuminator, an
infrared camera, and a controller. The projector is configured
to project an image onto a projection area. The first mirror is
configured to reflect the image projected from the projector.
The second mirror is configured to reflect the image reflected
from the first mirror. The curved screen is configured to
display the image reflected from the second mirror. The infra-
red illuminator is configured to output infrared rays onto the
curved screen. The infrared camera is configured to capture
an infrared image of the curved screen. The controller is
configured to determine the image displayed on the curved
screen and control the projector according to the determined
image, determine a light reflection area based on the infrared
image, and control the projector to rearrange an image dis-
played in the light reflection area.

9 Claims, 3 Drawing Sheets
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CURVED DISPLAY APPARATUS FOR
VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims benefit of priority to Korean Patent
Application No. 10-2013-0157982 filed in the Korean Intel-
lectual Property Office on Dec. 18, 2013, the entire contents
of which are incorporated herein by reference.

TECHNICAL FIELD

The present inventive concept relates to a curved display
apparatus for a vehicle. More particularly, the present inven-
tive concept relates to a curved display apparatus which
detects a light reflection area where light reflection occurs and
rearranges an image projected onto an area corresponding to
the light reflection area.

BACKGROUND

The screen size of a display apparatus mounted within a
vehicle has increased over the years. The increase in screen
size is advantageous in terms of visibility of a driver, but may
be a drawback in terms of light reflection. That is, an area
where light reflection occurs may increase in proportion to
the screen size.

Examples of external light interference that causes the light
reflection may be sunlight, a streetlight, or a headlight of
another vehicle. Particularly, when the sunlight is reflected
from the screen, the visibility of the driver is significantly
deteriorated.

Since the light reflection that occurs on the screen influ-
ences driving stability, the light reflection needs to be aggres-
sively prevented.

A reflection reduction film may be attached to the screen in
order to prevent the light reflection, but cost of the display
apparatus may be increased and display quality may be dete-
riorated.

The above information disclosed in this Background sec-
tion is only for enhancement of understanding of the back-
ground of the inventive concept and therefore it may contain
information that does not form the prior art that is already
known in this country to a person of ordinary skill in the art.

SUMMARY

The present inventive concept has been made in an effort to
provide a curved display apparatus for a vehicle having
advantages of detecting a light reflection area where light
reflection occurs and rearranging an image projected onto an
area corresponding to the light reflection area.

One aspect of the present inventive concept relates to a
curved display apparatus for a vehicle, including a projector,
first and second mirrors, a curved screen, an infrared illumi-
nator, an infrared camera, and a controller. The projector is
configured to project an image onto a predetermined projec-
tion area. The first mirror is configured to reflect the image
projected from the projector. The second mirror is configured
to reflect the image reflected from the first mirror. The curved
screen is configured to display the image reflected from the
second mirror. The infrared illuminator is configured to out-
put infrared rays onto the curved screen. The infrared camera
is configured to capture an infrared image of the curved
screen. The controller is configured to determine the image
displayed on the curved screen and control the projector
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according to the determined image, determine, a light reflec-
tion area on the curved screen based on the infrared image,
and control the projector to rearrange an image that is dis-
played in the light reflection area.

The controller may be configured to control the projector to
display a black image in the light reflection area.

The first mirror may be an aspherical mirror manufactured
based on a curvature value of the curved screen.

The image displayed on the curved screen may include a
user interface configured with a plurality of selectable
objects, and the controller may be configured to control the
projector to display the plurality of objects in an area except
for the light reflection area.

The controller may be configured to determine a touched
position on the curved screen based on the infrared image.

The curved display apparatus may further include an appli-
cation driver configured to execute an application function
according to control instructions of the controller, wherein
when it is determined that the position corresponds to any one
of'the plurality of objects, the controller may be configured to
generate control instructions for operating an application
function mapped to the selected object.

The controller may be configured to determine a display
area of each of the plurality of objects based on a selection
frequency of each of the plurality of objects.

The controller may be configured to the projector to dis-
play a black image in an area within a predetermined range
from the light reflection area.

The controller may be configured to determine, as the light
reflection area, an area having coordinates of pixels that devi-
ate from a predetermined pixel value range.

According to an aspect of the present inventive concept, the
light reflection can be reduced to achieve safety of the driver.
In addition, since an additional reflection reduction film is not
necessary, the production cost of the curved display apparatus
can be reduced.

Further, it is possible to eliminate touch misrecognition
which is caused due to the effect of the light reflection.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a schematic diagram ofa curved display apparatus
for a vehicle according to an exemplary embodiment of the
present inventive concept.

FIG. 2 is a conceptual diagram illustrating an image dis-
played on a curved screen according to an exemplary embodi-
ment of the present inventive concept.

FIG. 3 is a conceptual diagram illustrating an image dis-
played on a curved screen when light reflection is generated
according to an exemplary embodiment of the present inven-
tive concept.

<Description of Symbols>

10: Curved screen

30: First mirror

50: Infrared illuminator
70: Controller

5: Curved display apparatus
20: Projector
40: Second mirror
60: Infrared camera
80: Application driver

DETAILED DESCRIPTION OF THE
EMBODIMENTS

The present inventive concept will be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments of the inventive concept are
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shown. As those skilled in the art would realize, the described
embodiments may be modified in various different ways, all
without departing from the spirit or scope of the present
inventive concept.

Parts that are irrelevant to the description will be omitted to
clearly describe the present inventive concept, and the same
or similar elements will be designated by the same reference
numerals throughout the specification.

Further, since each component shown in the drawings is
arbitrarily illustrated for easy description, the present inven-
tive concept is not particularly limited to the component illus-
trated in the drawings.

FIG.11s a schematic diagram of a curved display apparatus
for a vehicle according to an exemplary embodiment of the
present inventive concept. FIG. 2 is a conceptual diagram
illustrating an image displayed on a curved screen according
to an exemplary embodiment of the present inventive con-
cept.

As shown in FIG. 1 and FIG. 2, a curved display apparatus
5 for a vehicle according to an exemplary embodiment of the
present inventive concept may include a curved screen 10, a
projector 20, a first mirror 30, a second mirror 40, an infrared
illuminator 50, an infrared camera 60, and a controller 70.

The curved display apparatus 5 may be provided in a dash-
board of a vehicle according to an interior design of the
vehicle. The curved screen 10 may be made of a transparent
acryl material so as to display an image.

Referring to FIG. 2, the curved screen 10 may be exposed
to external light interference (S) passing through a windshield
glass (WS) or adoor glass (D). Particularly, the curved screen
10 may tend to be exposed to external light interference (S)
passing through the door glass (D) of a side of a passenger
where a steering wheel is absent.

The projector 20 may project an image onto a predeter-
mined projection area. The image may be displayed on the
curved screen 10 and may be visually recognized by a viewer
such as a driver. The controller 70 may receive external video
signals to determine an image to be displayed on the curved
screen 10, and may control the projector 20 according to the
determined image.

The image may include vehicle speed information, engine
speed information, coolant temperature information, fuel
level information, accumulated distance information, trav-
eled distance information, operating state information of
lamps (e.g., turn signal lamps or high beam lamps), operating
state information of devices (e.g., doors, seat belts, or a bat-
tery), and the like. That is, the image may include an object
15a (see FIG. 2) corresponding to information provided from
an existing cluster apparatus.

In addition, the image may further include navigation
device information, audio device information, and air condi-
tioner information. That is, the image may further include a
user interface configured with a plurality of selectable objects
15b, 15¢, and 15d corresponding to various buttons and
screens that are provided on an existing dashboard to operate
a navigation device, an audio device, and an air conditioner.

Here, an object refers to information that is selected and
controlled by a user. For example, the object may be animage,
an icon, a folder icon, text, content, a list, and the like.

The navigation device information may include a naviga-
tion menu configured with a plurality of selectable objects, a
present position of the vehicle, route guidance on a map, and
the like. The audio device information may include an audio
menu configured with a plurality of selectable objects, vol-
ume, a sound source being currently played, a radio channel
frequency, and the like. The air conditioner information may
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include an air-conditioning menu, current temperature,
amount of air flow, and the like.

Referring to FIG. 1, the first mirror 30 and the second
mirror 40 may be disposed between the curved screen 10 and
the projector 20. The image projected from the projector 20
may be reflected to the second mirror 40 via the first mirror
30. The image reflected from the second mirror 40 may be
projected to the curved screen 10 and then displayed to the
user.

The first mirror 30 may be an aspherical mirror that is
manufactured based on a curvature value of the curved screen
10. In addition, by using the first mirror 30, the path depth of
light required for displaying an image on the curved screen 10
can be controlled such that the size of the curved display
apparatus 5 is reduced.

In order to detect a light reflection area, the infrared illu-
minator 50 and the infrared camera 60 may be used. The
infrared illuminator 50 may output infrared rays to the curved
screen 10.

The infrared camera 60 may capture an infrared image
corresponding to the entire area of the curved screen 10. The
infrared camera 60 may process an image frame such as a still
image or a motion picture which is obtained by an image
sensor in a capture mode. The processed image frame may be
transmitted to the controller 70.

Referring to FIG. 1, an image which is projected by the
projector 20 may be indicated by dotted lines, an infrared
illumination area is indicated by one-point chain lines, and a
captured area is indicated by two-point chain lines.

The controller 70 may be electrically connected to the
projector 20, the infrared illuminator 50, and the infrared
camera 60, and may be implemented with one or more micro-
processors executed by a predetermined program. The prede-
termined program may include a series of commands for
performing each step included in a method for controlling the
projector 20 to display images according to an exemplary
embodiment of the present inventive concept.

The curved display apparatus for the vehicle according to
an exemplary embodiment of the present inventive concept
may further include an application driver 80 executing an
application function according to control instructions of the
controller 70.

When the user’s hand (H) touches any position on the
curved screen 10, infrared rays may be reflected and the
infrared camera 60 may capture the reflected infrared image.
The controller 70 may determine a touched position based on
the infrared image.

The image displayed on the curved screen 10 may include
a user interface configured with the plurality of selectable
objects 155, 15¢, and 154.

The user may select a desired object 154 among the plu-
rality of objects 156, 15¢, and 154. In this case, the controller
70 may generate control instructions to operate an application
function mapped to the selected object 154, and output the
control instructions to the application driver 80. Here, the
application function may be one of various application func-
tions of a plurality of electronic devices (e.g., a navigation
device, an audio device, or an air conditioner) provided in the
vehicle.

Hereinafter, a method for detecting an area where light
reflection occurs and rearranging an image projected onto the
corresponding area according to an exemplary embodiment
of'the present inventive concept will be described with refer-
ence to FIG. 2 and FIG. 3.

As shown in FIG. 2, the image displayed on the curved
screen 10 may include the user interface configured with the
plurality of objects 15a, 156, 15¢, and 15d. The object 15a,
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which may include the vehicle speed information and the
engine speed information, may be displayed at a left side of
the curved screen 10. The object 156 corresponding to the
navigation device information, the object 15¢ corresponding
to the audio device information, and the object 154 corre-
sponding to the air conditioner information, which can be
selected by the user, may be displayed at a right side of the
curved screen 10.

FIG. 3 is a conceptual diagram illustrating an image dis-
played on a curved screen when light reflection is generated
according to an exemplary embodiment of the present inven-
tive concept.

As shown in FIG. 3, a light reflection area (LR) may be
generated on the curved screen 10 by the external light inter-
ference (S).

The controller 70 may determine the light reflection area
(LR) on the curved screen 10 based on the infrared image
captured by the infrared camera 60. For example, the control-
ler 70 may use pixel values that are included in the image
frame and determine, as the light reflection area (LR), an area
having coordinates of pixels that deviate from a predeter-
mined pixel value range.

The controller 70 may control the projector 20 to rearrange
the image that is displayed in the light reflection area (LR).
The controller 70 may control the projector 20 to display the
image in an area other than the light reflection area (LR).

The controller 70 may control the projector 20 to display a
black image (BI) in the light reflection area (LR). In this case,
the controller 70 may control the projector 20 to display the
black image (BI) in a corresponding area within a predeter-
mined range from the light reflection area (LR). Therefore, a
glare effect to the driver caused by the light reflection can be
prevented.

The controller 70 may determine a display area of each of
the plurality of objects 155, 15¢, and 154 based on a selection
frequency of each of the plurality of objects 155, 15¢, and
15d. For example, if the selection frequencies of the objects
15¢ and 15d corresponding to the audio device information
and the air conditioner information are higher than the selec-
tion frequency of the object 155 corresponding to the navi-
gation device information, the objects 15¢ and 154 may be
displayed at the left of the light reflection area (LR ) and object
1556 may be displayed at the right of the light reflection area
(LR). That is, the objects 15¢ and 154, which are frequently
selected by the user, may be displayed closer to the driver.

As described above, according to an exemplary embodi-
ment of the present inventive concept, the light reflection can
be reduced to achieve safety ofthe driver. In addition, since an
additional reflection reduction film is not necessary, the pro-
duction cost ofthe curved display apparatus 5 can be reduced.

Further, it is possible to eliminate touch misrecognition
which is caused due to the effect of the light reflection.

While this inventive concept has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the inventive
concept is not limited to the disclosed embodiments, but, on
the contrary, is intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims.
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What is claimed is:

1. A curved display apparatus for a vehicle, comprising:

a projector configured to project an image onto a predeter-

mined projection area;

afirst mirror configured to reflect the image projected from

the projector;

a second mirror configured to reflect the image reflected

from the first mirror;

a curved screen configured to display the image reflected

from the second mirror;

an infrared illuminator configured to output infrared rays

onto the curved screen;

an infrared camera configured to capture an infrared image

of the curved screen; and

a controller configured to determine the image displayed

on the curved screen and control the projector according
to the determined image,

wherein the controller is configured to determine a light

reflection area on the curved screen based on the infrared
image and control the projector to rearrange an image
that is displayed in the light reflection area.

2. The curved display apparatus of claim 1, wherein the
controller is configured to control the projector to display a
black image in the light reflection area.

3. The curved display apparatus of claim 1, wherein the
first mirror is an aspherical mirror manufactured based on a
curvature value of the curved screen.

4. The curved display apparatus of claim 1, wherein

the image displayed on the curved screen comprises a user

interface configured with a plurality of selectable
objects, and

the controller is configured to control the projector to dis-

play the plurality of objects a region except for the light
reflection area.

5. The curved display apparatus of claim 4, wherein the
controller is configured to determine a touched position on
the curved screen based on the infrared image.

6. The curved display apparatus of claim 5, further com-
prising

an application driver configured to execute an application

function according to control instructions of the control-
ler,

wherein when it is determined that the touched position

corresponds to any one of the plurality of objects, the
controller is configured to generate control instructions
for operating an application function mapped to the
selected object.

7. The curved display apparatus of claim 4, wherein the
controller is configured to determine a display area of each of
the plurality of objects based on a selection frequency of each
of the plurality of objects.

8. The curved display apparatus of claim 1, wherein the
controller is configured to the projector to display a black
image in a region within a predetermined range from the light
reflection area.

9. The curved display apparatus of claim 1, wherein the
controller is configured to determine, as the light reflection
area, a region having coordinates of pixels that deviate from a
predetermined pixel value range.
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